One contribution of 16 to a theme issue 'Trophic rewilding: consequences for ecosystems under global change'.
Introduction
Conservation of North American grasslands, including restoring natural disturbance regimes and rewilding landscapes with mega-herbivores or their surrogates, has been a popular topic in ecology [1, 2] . As conservation has developed as its own discipline, specific approaches, objectives and targets have also evolved. Conceptual conservation models range in perspectives from those that are integrated with current conditions to perspectives that are naive to current landscapes and based on retrospective target conditions that are uncertain at best. Much of the discussion around the most appropriate approach has focused on the importance of large herbivores, as well as other disturbances in the evolution and development of flora and fauna on these landscapes [3, 4] . A primary practical question of the conservation community has been: which herbivore is & 2018 The Author(s) Published by the Royal Society. All rights reserved.
best for restoration? Prior to approximately 15 000 years ago, mega-herbivores were dominant on these landscapes until early humans contributed to their extinctions leading to their replacement by the modern American bison (Bison bison, hereafter bison) [5] . Until the near extirpation of bison in the late 1800s, they were keystone herbivores within the Great Plains, sharing complex landscapes with other herbivores, predators and humans for nearly 10 000 years [4, 6, 7] . The vast and complex landscapes that contained diverse herbivores have in most places been replaced by fragmented agricultural lands where domestic cattle are the dominant grazers on remnant grasslands. Simultaneously, many obligate grassland species declined such that now they are considered imperilled. As North American grasslands continue to decline in cover and many remnants become degraded, it is increasingly important that we evaluate conservation models through a conceptual framework that guides our conservation practices. In particular, conservation of not only grasslands, but all ecosystems, requires a perspective that recognizes that these environments are highly variable in space and time such that the complexity of the system can overwhelm our understanding of the important drivers of patterns and processes in these ecosystems [1, 8] . This is even more of a challenge for conservation of grasslands that are commonly being used for agricultural and energy production. Consequently, it is a challenge for conservation to achieve the vision necessary to restore and/or maintain grassland ecosystems, but also remain practical with modern society and the requirements of agricultural and energy production.
As evidenced by the degradation that included the loss of large native herbivores and replacement with domestic livestock, a focus on restoring an appropriate herbivore for a restoration context is important for both the conservation of the herbivore species as well as their recognized role in conserving biodiversity broadly. Unfortunately, many other changes were concomitant with the replacement of native with domestic herbivores (e.g. landscape fragmentation, woody plant encroachment, alteration of fire regimes, cultural demand on natural resources). For this paper, we focus on describing three primary perspectives of herbivore-based conservation of North American grasslands that have been proposed and discuss the challenges of incorporating these perspectives in future grassland conservation efforts. First, we consider the Pleistocene rewilding perspective that suggests early humans contributed to the demise of megafauna that were important to the evolution and development of many of the grasslands in North America [9, 10] . Second, we focus on a dominant perspective in North America of bison restoration and rewilding that considers American bison a keystone herbivore that is culturally and ecologically important to North American grasslands [6, 11] . Lastly, we discuss a perspective that is less focused on the question of which herbivore to include, but more focused on restoring the pattern and processes of herbivory on grassland landscapes [12, 13] .
Conservation is clearly a human endeavour that is critically dependent on cultural values, policy, economics and other aspects of social sciences. A fundamental objective of our focus on the three ecological perspectives of grassland conservation is to highlight the need of a more integrated socio-ecological approach for restoration and conservation of grasslands that includes clearly stated objectives and includes the human, biophysical and herbivore domains ( figure 1 socio-ecological conservation rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170438 question whether a single framework is even appropriate. Before discussing the conservation perspectives, we briefly describe the types of changes that have occurred in the three domains (human, biophysical and herbivore) over the past 15 000 years in North American grasslands to highlight the challenges of restoring/rewilding these landscapes. By evaluating the dynamics within these domains, we stress the importance of explicitly stating conservation objectives and targets. Then, we discuss the conservation perspectives in relation to the changes that have occurred in the domains. Finally, we propose some critical considerations for future conservation efforts of North American grasslands and include some examples of perspectives that have been applied. We hope to highlight that critical questions must be addressed prior to developing a conservation model that include the following. Should rewilding focus on dominant herbivores or plant communities or ecological processes? Is the conservation objective focused on biodiversity, maintaining ecosystem functions or providing societal goods and services? How important is selecting the 'proper' herbivore or 'proper' target date of our conservation efforts? What is the role of humans in the model system that is our conservation target? Is there one model that is most appropriate? Are there models that are not appropriate? It is only through answering each of these questions that we can develop specific and explicit conservation objectives that will lead to successful conservation strategies for North American grasslands.
Human domain
Conservation, rewilding, restoration and degradation of ecosystems are all human endeavours and any model or perspective that insufficiently addresses this reality will face insurmountable challenges. Most conservationists recognized the role of humans in the past century or two in contributing to the loss and degradation of grasslands but there is less recognition of the importance of humans in the management of these landscapes prior to European settlement. In fact, humans have played a significant role in the development, maintenance and degradation of North American grasslands for over 10 000 years (figure 2). Human culture in the North American Great Plains has been variable in space and time but generally transitioned from mostly hunter-gatherers to European settlers who were largely focused on subsistence agriculture. This European dominance eventually transitioned to industrial agricultural landscapes where grasslands were small remnants of their historical vastness.
Modern Native Americans are descendants of Siberians who crossed the Bering Land Bridge at least approximately 14 600 years ago [14] . Early Clovis hunters are most often associated with the extirpation of 35 genera of large mammals in North America at approximately 11 000 years ago [15, 16] . The demise of these large mammals occurred simultaneously with changes in climate that resulted in a complex interaction that ultimately resulted in the dominance of smaller herbivores in North America [5] . The dominance of American bison coincided with an increase in human populations and increased use of fire, which was the primary landscape management tool for many indigenous people [17, 18] . Though there was a high degree of variability in the effects of Native Americans on North American grasslands, it is clear that the descendants of Siberian explorers and their use of fire and early agriculture had a large influence on North American landscapes for over 10 000 years and influenced the structure and function of grassland ecosystems that were first encountered by early European settlers [19] . Therefore, any discussion of rewilding that does not fully account for the role of humans, including hunting and fire, in shaping plant and animal assemblages is grossly incomplete and naive.
Over the past 500 years, it is difficult to disentangle the biophysical changes in North America from the cultural changes (figure 2). Generalizations are challenging because the social changes were complex and heterogeneous in space and time, but the most significant changes started when Europeans began exploring and eventually settling North America resulting in a blend of cultural contact and colonialism [20] . Initially, the arrival of the first Europeans brought horses and novel diseases which greatly altered the indigenous human population and their use of the landscape. Early accounts of explorers lead to contentious debates but in general it is likely that Native Americans had a substantial influence on the distribution and abundance of herbivores throughout much of North America even when human population densities were relatively low [21, 22] . With the eventual settlement of most of the United States, all that was considered 'wild' was not tolerated and agriculture would forever alter these grassland landscapes and the species that occurred on them. Initially, much of agriculture was subsistence-based but in the first half of the 1900s, rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170438 industrial agriculture developed. Eventually, agricultural intensification occurred and large areas were settled and many of the grasslands were cultivated. Environmental events, such as the Dust Bowl of the 1930s, and social policies influencing agricultural economics and production resulted in land use and population dynamics that included land abandonment and declining human populations in some regions that were formerly dominated by grasslands. More recently, agricultural policy has promoted the conversion of marginal cropland back to grassland, but these landscapes remain highly fragmented [23] and the vast majority of many of these grasslands, such as the Great Plains, remain privately owned and managed for agriculture and energy development.
In response to many of the agricultural and land use changes, the human endeavour of conservation started in the mid-1900s with a utilitarian perspective prevalent through much of the 1900s [1, 13] . Many of the early conservation efforts on grasslands were focused on reducing intense grazing and creating more moderate and uniform grasslands. Remnant grasslands were often managed homogenously to promote the dominant forage species and maintain long-term agricultural production. The important attention to conservation of biodiversity, pattern and processes of ecosystems, and rewilding landscapes did not appear until recent decades. Early and current efforts focused on managing all grasslands for moderate grazing to minimize intense disturbance has had a negative effect on agricultural production and biodiversity [10, 24] . Studies of management that promotes heterogeneity indicate that grazing of bison or domestic livestock can be managed for restoring and enhancing biodiversity while maintaining profitable levels of animal production [12, 25, 26] . Our recent understanding of the effects of land management suggests that herbivores can be used to create heterogeneity and that biodiversity of these landscapes is highly dependent on spatial patterns that include areas that have been heavily grazed and areas with little or no grazing. This suggests that humans, and their variable application of different management practices, may be the most important variable in predicting the impacts of herbivores on contemporary grasslands, which we will expand upon in subsequent sections.
Herbivore domain
A major focus of the conservation community has been on the importance of selecting the appropriate dominant herbivore species [2, 27] . Short of a fairly recent proposal to reintroduce surrogates to mega-herbivores and the Pleistocene rewilding, the majority of the discussion is focused on the debate about the importance of bison versus domestic cattle on conservation landscapes. This debate includes natural history perspectives as well as the potential of whether cattle can be used as a surrogate species. Clear differences in the life history of these species suggest that differences could be expected. A recent survey of literature (2009) identified 87 papers that compared bison with cattle, yet only nine focused on the comparison in an ecological context and only two attempted to control other socio-ecological factors [27 -29] . As late as 2009, there were no peer-reviewed studies that directly compared bison and cattle on large complex landscapes (greater than 300 ha). Since then, several studies have attempted the comparison with variable levels of control in terms of the socio-ecological context [2, 30, 31] . Conclusions from these studies in the context of conservation and rewilding are difficult and often infused with dogma and casual observations. It is difficult from the research literature to draw many consistent conclusions, but in general there are subtle differences in diets and feeding behaviour and some substantial differences in the use of complex landscapes associated with thermal heterogeneity [32] . It is unclear how relevant these differences would be from a broad conservation perspective, but when restricted to small landscapes, reported differences in the scientific literature are minimal. Further, lack of clear objectives and outcomes from the conservation community make the limited evidence of differences between these herbivores all but irrelevant for predictive purposes.
While differences and similarities between bison and cattle may exist (or for any other species as well), the focus on these differences could be a distraction from a conservation perspective if we fail to evaluate the ecological effects of the two species. Any differences between these species, or potentially other species, may be overwhelmed by differences in management styles that often accompany them and are associated with the human domain (figure 3) [27, 29] . For example, cattle herds are typically associated with ranches that are managed for optimum commodity production. This type of operation commonly relies on herds where animals are separated for most of the year on the basis of sex and age (e.g. cow-calf, stocker steers) and the sex ratio is often highly skewed depending on the objective. Additionally, cattle ranches often use general animal husbandry practices (e.g. supplemental feeding and minerals) and land management practices that homogenize the landscape. These landscapes are often heavily cross-fenced with extensive water development and potentially managed to increase the dominance of a few key forage species [13] . Bison may be managed as production herds as well, but are also managed as conservation-focused herds on preserves or refuges. Production/commodity systems with bison are often managed in a way similar to cattle systems, allowing for effective comparison in that simplified environment. Preserves focused on conservation may manage their bison herds as wildlife or livestock, but typically much less intensively than production systems. Cattle are rarely, if ever, Figure 3 . A conceptual model illustrating the complexity of variables that can modify the effects of any herbivore population. Humans can be considered within this model or they can be involved through making management decisions that modify both herbivore and environmental factors.
, alternatively, focus on comparing two similar production systems (i.e. small pastures intensively managed). In other words, many of the observed differences between species may in fact be largely due to varying management plans (e.g. the human domain) rather than ecology of the species. In order for bison to be substantially different from domestic livestock, they need to interact with large landscapes where they can respond to heterogeneity associated with topoedaphic conditions, complex patterns of fire and other important species like prairie dogs [2, 27] . However, few places exist where these conditions are present at scales relevant to any semblance of ecosystem restoration. Therefore, rewilding plans that hinge almost exclusively on changing the herbivore within the modern landscape context are unlikely to produce intended outcomes without substantial management plans. This is not to say that which herbivore species are included on a landscape is not an important decision in conservation planning of grasslands. If the focus is specifically conservation for an individual species (e.g. bison) then this decision is simplified considerably. However, if the focus is on conservation of a landscape and other grassland-associated taxa, such as plants, birds and arthropods, the dominant species of herbivore may be less important. Unfortunately, the debate of the introduction of native versus domestic herbivores becomes constrained by cultural and logistical perspectives based on an incomplete understanding of the factors that influence the effects of grazing ( figure 3 ). Conservation groups, agencies and private land-owners have biases towards native or domestic herbivores despite the fact that studies have demonstrated that similar responses in biodiversity can be achieved by cattle and bison as long as both species are allowed to interact with heterogeneous fire patterns [12, 33] .
A focus on a dominant herbivore may also ignore the importance of secondary herbivores that may have much different impacts on landscapes because of differing foraging behaviours. Diverse herbivores can alter the impacts on woody plant encroachment and plant diversity because of diverse foraging behaviour [34] . Species that have more of a selective foraging behaviour that focuses on woody plants can be very important to grassland conservation by altering woody plant encroachment and diversity even if they are not dominant [34] . In some cases in the North American Great Plains, prairie dogs may be keystone species that influence large herbivore distribution, plant species composition and biodiversity. In fact, the widespread changes in the distribution and abundance of small herbivores have probably led to more significant plant community change than have changes in large herbivores. For example, the elimination of the black-tailed prairie dog (Cynomys ludovicianus) in some parts of its distribution can contribute to increased woody cover and shifts in the herbaceous plant community [35 -38] . Black-tailed prairie dog populations are now estimated to be at only 2% of their historic levels and may have historically had an equivalent landscape-level impact to large herbivores and fire [39, 40] . The effects of other species of small mammals are not as well studied, but have probably had major effects on grassland landscapes. In summary, to suggest that adding one species of herbivore (or a selected suite of species) will result in a return to some previous landscape condition is at best simplistic.
Biophysical domain
Since the arrival of humans on the North American continent, the biophysical environment has changed from near-peak glaciation approximately 20 000 years ago to our current climate with considerable variation in between. The climate fluctuated substantially over the past 10 000 years including warm and cool periods with a general trend of warming that has been accelerated over the past 100 years from anthropogenic climate change [19, 41] . When humans first arrived, much of the Northern Great Plains would have been heavily influenced by glaciers. Also, many Southern Great Plains grasslands that are now dominated by C4 grasses were dominated by C3 grasses approximately 11 000 years ago [19] . Shifts from C3 to C4 grass dominance would have a substantial influence of altering critical features associated with forage quality and quantity. Since Glacial Maximum, vegetation and climate have been dynamic, suggesting that contemporary ecosystems are not good indicators of past conditions [42, 43] .
While grasslands and fires occurred prior to human arrival, the arrival of humans is clearly associated with an increase in fires from anthropogenic burning [19, 44] . Sometime after human arrival, grassland landscapes changed dramatically as human use of fire became important, the climate warmed, and many species of dominant large herbivores were lost [17] . The American bison became a dominant large herbivore because of a complex interaction with fire (pyric herbivory), humans, predators, other herbivores and the regionally variable climate (figure 3) [12, 19] . This interaction occurred on large and continuous grassland landscapes where disturbance patterns were highly dynamic in space and time. Many of the grassland species in the region are well suited to live in these large and heterogeneous landscapes that are often referred to as a shifting mosaic [12] . Multiple species contributed to these complex patterns that occurred across large areas that were very heterogeneous in soils, topography and climate.
European settlement fragmented large landscapes, introduced cultivation and domestic livestock and concomitantly reduced fires. Management of these landscapes transitioned from hunter-gatherers to subsistence farming and eventually industrial agriculture. Natural and semi-natural grasslands were integrated into agricultural regimes and grazing animals became intensively managed with a goal of promoting homogeneous vegetation that was often inaccurately perceived to be superior for livestock production [24, 45] . Fire was no longer used and fire suppression became a dominant culture that further led to fragmentation of continuous grasslands through woody plant encroachment [26] . Conservation efforts have worked locally on restoring previously cultivated lands [23] and restoring fire regimes [46] , but across the entire Great Plains, grassland fragmentation has continued through increases in energy development and woody plant encroachment and remains the primary limitation in conservation or rewilding of grasslands [26, 47] .
Current and future conservation landscape
Grasslands are declining worldwide and many of the grassland obligate species that remain are declining [48] [49] [50] . Conservation of remaining landscapes is critical to global biodiversity and will be dependent on multiple models that range from the attempt to restore wilderness to conservation-based rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170438 management on privately owned landscapes that are agriculturally based. Many conservation models have been suggested and we present three that have been proposed for conservation of North American grasslands: (i) Pleistocene rewilding [10] , (ii) bison restoration [11] and (iii) conservation of pattern and process [12] . These models have similarities and differences and none are complete on their own, but we have chosen them for comparison to describe the complexities and challenges of grassland conservation on contemporary landscapes.
Early calls for Pleistocene rewilding made grandiose suggestions of reintroducing mega-herbivores (or their surrogates) that went extinct not long after human arrival in North America. They originally claimed that their goals and ideas of restoring the original anthropogenic extirpations were 'justified on ecological, evolutionary, economic, aesthetic and ethical grounds' [9] . While these ideas are engaging to many and stimulate excitement, they are usually based on a romantic objective of restoring something long lost and probably impossible to restore. This approach to conservation may loosely recognize that landscapes are spatially and temporally dynamic and largely dependent upon people, but they generally fall short of incorporating these concepts into any semblance of a workable plan [10] . The intent is to restore conditions back to a time prior to human influence on the fauna of North America. Most of the remaining grasslands of North America are privately owned and there is limited consideration in the Pleistocene rewilding approach of the ownership of these lands in the model. The complexity of land ownership and management of the lands appears to be left to fate with some limited discussions of national parks and their associated economic opportunities and challenges. Additionally, there is little recognition of landscape complexity or dynamics. Wild herbivores that are unmanaged require heterogeneity to persist and as parcel size gets smaller this heterogeneity becomes more important [26, 51, 52] . In order for these landscapes to be wild and support herds of mega-herbivores and their predators, they would have to exist on large and unfragmented grasslands that are rare or even absent. It is uncertain how herd size and structure would be regulated and how introduced species would interact with existing native species. Similarly, climate projections, as well as land use changes, suggest that these landscapes will become more different from their prehistorical conditions over the next century. Recent and future climate change, increasing human population and land fragmentation suggest that this model is largely an academic discussion that has limited practical value. Suggesting that we restore large herbivores or their surrogates (while ignoring small herbivores) into a novel plant community, a novel climate and a novel human population has extremely limited application potential.
The second model is focused on restoring American bison to grasslands and includes a full array of bison managers with objectives ranging from food production to variable versions of rewilding [11] . A variant of this perspective was first suggested through discussions of the 'Buffalo Commons' or the 'Big Open' [53, 54] . Much of the original justification was not merely based on conservation of bison, but largely on the economic and social upheavals that have occurred on North American grasslands since the Dust Bowl of the 1930s. The current bison restoration approach is to consider regional socio-economics and restore bison to as much of its historical distribution as is culturally, socially and ecologically possible [11] . While this approach acknowledges the social and cultural domain, like most other approaches it does not suggest specific policies or land management concerns that would be required to rewild large landscapes with free-roaming herds of bison. Additionally, this approach does not adequately address the tremendous human implications (e.g. shifting populations and food production) of such a model. There are examples where variations of this approach are being applied, such as the American Prairie Reserve (APR) in Montana, USA, where a vision of restoring a very large landscape and allowing bison to roam freely is a conservation goal. The approach of the APR is very bison centric but they do acknowledge the importance of restoring ecological processes and patterns on large and continuous landscapes [55] . These bold visions have largely been unencumbered by conservationists who are practically constrained to the realism of concerns of how the land will ultimately be managed in the future. In the case of APR, they recognized the importance of bison to Native American tribes and have attempted to engage Native American tribes. Additionally, they have recognized the importance of engaging the local community in their vision, but their perceptions and acceptance remain a challenge. For APR, bison is a primary focus of their conservation vision but they recognize the importance of restoring heterogeneity with fire and other disturbances, such as prairie dogs. However, in the case of fire, it largely remains an objective for the future. Interestingly, APR views these large landscapes inhabited by free-roaming bison as a potential economic benefit to the local economy through tourism. Humans are, therefore, part of the plan and APR provides an example of a tentatively successful restoration of bison to large but limited areas. Despite APR's success, bison conservation and in some cases rewilding have not always acknowledged the complexity of rewilding landscapes and the types of management that may be required to achieve conservation objectives.
The third model, called conservation of pattern and process, lacks the grandiose vision of the previous models, and instead is focused on pragmatically restoring pattern and processes of grasslands through heterogeneity-based management of contemporary landscapes [13] . The conservation approach was developed through studying bison and other herbivore interactions with fire and the resulting heterogeneity in structure that influences biodiversity [12] . The model developed from large native herbivores (originally bison, but later other herbivores) was then transferred to domestic livestock within a rangeland setting [25, 33] . This approach is less focused on the specific herbivore (e.g. bison versus cattle) and more focused on developing management approaches that can maintain agricultural production and simultaneously enhance biodiversity. Specifically, by creating variable spatial patterns in vegetation structure that shift throughout the landscape and create uneven animal distribution and fire patterns that interact, livestock production may be enhanced by improved forage quality on burned areas while different wildlife species will use different vegetation structures thereby increasing biodiversity [50, 56] . A similar approach has been proposed that is focused on the food web and considers the mosaic associated with herbivores and fire the central goal of conservation without limiting the attention to a specific herbivore or suite of rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170438 herbivores [57] . Conservation of pattern and process was developed in a rangeland management context to integrate conservation objectives into our current land use and cultural networks but it lacks the objective of restoring the Great Plains to historic time periods. Rather, the intent is to maintain as much biodiversity as possible by restoring disturbance processes and patterns in ways that allow humans to meet current and future needs from the landscape.
These three perspectives vary from an unencumbered vision to a more practical perspective that attempts to integrate regional societal objectives (table 1). In the past, the first two perspectives have been described as unlikely approaches to grassland conservation, but the progress of APR suggests that some visionary ideas may be locally important because cultural limitations change and there is considerable uncertainty in the future. The more practical approach of conservation of pattern and process seems more likely to achieve conservation goals across many fragmented landscapes in the near term because it is compatible with the current human culture of livestock and agriculture. However, it is still limited from a socio-ecological perspective. Research in the Great Plains indicates that some segments of the public have a strong aversion to fundamental aspects of biodiversity, such as heterogeneity and diversity of plants [58] . Many land owners have learned to manage against many of the goals that conservationists find important even when those goals may be compatible with their land management objectives. These cultural barriers are fundamental to conservation goals regardless of perspectives or conservation models.
Conclusion
One of the greatest challenges of rewilding and grassland conservation is accounting for and incorporating the complexity that occurs in socio-ecological systems. A grossly simplistic model that is limited to a comparison between two time periods (Pre-European settlement -1491 compared with contemporary) illustrates the magnitude of the conversion that has occurred across most grasslands of North America since European settlement (figure 4). As stated in Holling [8] , any conservation framework should be (i) as simple as possible, but not too simple; (ii) dynamic and prescriptive, not static and descriptive; and (iii) able to embrace uncertainty and unpredictability. Any discussions and conservation strategies that focus solely on dominant large herbivores of the past and downplay the importance of the human domain or the broader biophysical domain (not to mention other less charismatic herbivores) are violating all of these suggestions.
Rewilding, like restoration, has long struggled with the importance of identifying target conditions that are desirable and monitoring approaches that can verify progress towards their goals. There are limited examples of conservation groups that have at least identified specific goals and developed monitoring methods to evaluate progress towards their goal [55] . A few government programmes exist that promote conservation of patterns and processes on privately owned grasslands for specific conservation objectives and, in some cases, these are monitored and evaluated towards those objectives (e.g. Lesser Prairie Chicken Initiative through United States Department of Agriculture-Natural Resource Conservation Service). Some conservation approaches have focused on combining components from several of these perspectives. The Nature Conservancy's Tallgrass Prairie Preserve of Oklahoma, USA, combines the bison rewilding with the conservation of pattern and process. They have restored free-roaming bison and random anthropogenic fires on a large landscape, but are also encouraging research and outreach on developing conservation approaches for surrounding ranchers to promote a similar heterogeneous landscape with domestic livestock [12] . These success stories suggest that bison rewilding and conservation of pattern and process perspectives can be integrated to develop a socio-ecological approach that can be achieved across fairly large areas. In all cases, a primary goal is putting together the broken pieces of a previously fragmented landscape and, without this first step, other efforts will have limited benefits for conservation of grasslands [26] . Local management or herbivore modifications will have minimal influences on highly fragmented landscapes, while on large landscapes these factors can be important. There is no single conservation model that successfully argues for a specific herbivore that is most appropriate for all objectives that are associated with rewilding or conserving grassland ecosystems. All models can be evaluated for their contribution to biodiversity and other goods and services in a matrix that is variable with different land use objectives (figure 5). The three perspectives we present all have differing objectives. The most appropriate model is dependent on the human priority of (i) restoring a certain herbivore or group of herbivores, (ii) the processes and patterns that are critical to biodiversity of all remnant grassland species and (iii) the ecological processes that provide goods and services. There are several critical factors that are absent or limited by all of these perspectives and will probably limit their success. None of the models adequately consider the human dimensions of conservation and will probably struggle with policy, economics, threats and opportunities in the future. These models give but passive recognition that the greatest resistance to any form of conservation is social and is associated with land use, land ownership and large-scale fragmentation. Small conservation areas can provide local refugia for biodiversity but they are incapable of restoring pattern and processes that are critical to conservation at relevant scales. The conservation of pattern and process perspective lists maintaining large tracts of land as the first principle but does little to discuss how this can be accomplished [13] . Additionally, the current and impending threat of major shifts in climate is a primary limitation to most models that are focused on using the past for target conditions. Integrating the support for these and other perspectives into a comprehensive, forward-looking socio-ecological framework that is capable of preparing for climate change should be the goal of all conservationists.
Rewilding, in its purest sense, is a naive idea that can never be fully achieved on fragmented landscapes in our modern world, but it may be a useful concept to illustrate the importance of conservation goals and objectives and could be integrated into a comprehensive conservation approach on grasslands of North America and beyond. We do believe that it is time to acknowledge humans as a central part of ecosystems that can lead to conservation or degradation of grassland and other systems. Conservation efforts should develop specific objectives within a socio-ecological framework that can include monitoring and adaptive management based on targets. The future of conservation is dependent on the development of many forward-focused conservation models that better integrate societal, economic and policy objectives and recognize that humans are an integral part of ecosystems that are highly dynamic in space and time with a changing climate.
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